Brief use of a tool recalibrates multisensory representations of the user's body, a phenomenon called tool embodiment. Despite two decades of research, little is known about its boundary conditions. It has been widely argued that embodiment requires active tool use, suggesting a critical role for somatosensory and motor feedback. The present study used a visual illusion to cast doubt on this view. We used a mirrorbased setup to induce a visual experience of tool use with an arm that was in fact stationary. Following illusory tool use, tactile perception was recalibrated on this stationary arm, and with equal magnitude as physical use. Recalibration was not found following illusory passive tool holding, and could not be accounted for by sensory conflict or general interhemispheric plasticity. These results suggest visual tool-use signals play a critical role in driving tool embodiment.
Introduction
Tool use is a hallmark of the human species and a ubiquitous part of daily life (Vaesen, 2012) . From everyday items, like cutlery, to physical augmentation equipment, such as prosthetics, tool use is often accompanied by a sense of ''feeling" the world through the tool (Marasco, Kim, Colgate, Peshkin, & Kuiken, 2011; Yamamoto & Kitazawa, 2001) . Indeed, the body and tool fuse into a single functional system during tool use (Maravita & Iriki, 2004) . This process, known as tool embodiment, aids in seamless and successful interaction with the environment, and involves rapid recalibration of multisensory representations of the user's body (Cardinali, Brozzoli, Finos, Roy, & Farnè, 2016; Cardinali et al., 2012; Farnè, Iriki, & Làdavas, 2005; Iriki, Tanaka, & Iwamura, 1996; Maravita, Spence, & Driver, 2002; Sposito, Bolognini, Vallar, & Maravita, 2012) . For example, brief tool use modulates a multisensory representation of the arm that structures tactile perception (Canzoneri et al., 2013; Cardinali et al., 2009 Cardinali et al., , 2011 Miller, Longo, & Saygin, 2014) .
While tool embodiment has been studied extensively over the past two decades (Maravita & Iriki, 2004) , little is known about its boundary conditions. The idea that embodiment would be primarily driven by somato-motor feedback during tool use is intuitive and compelling. Indeed, studies have reported that active use of the tool, as opposed to mere passive holding, is necessary for embodiment (Garbarini et al., 2015; Maravita et al., 2002; Witt, Proffitt, & Epstein, 2005; though, see Baccarini et al., 2014) . This suggests that a range of specific motor and kinesthetic factors (Wolpert & Ghahramani, 2000)-such as efference copies and somatosensory feedback-may be critical for the process (Brown, Doole, & Malfait, 2011; Rademaker, Wu, Bloem, & Sack, 2014) . Indeed, a recent study failed to find evidence for tool-modulated reaching kinematics in a deafferented patient (Cardinali, Brozzoli, Luauté, Roy, & Farnè, 2016) . Here, in contrast, we provide evidence that tool embodiment can be purely driven by the visual experience of tool use.
There is a long tradition in the perceptual sciences of using illusions to illuminate the fundamental machinery of perception (Eagleman, 2001) ; illusory contours (Murray & Herrmann, 2013) and the rubber hand illusion (Botvinick & Cohen, 1998) are classic examples. We take this approach in the present study to explore the boundary conditions of tool embodiment, as well as its underlying multisensory mechanisms. We explored tool use with a variation of the mirror visual illusion (Ramachandran, RogersRamachandran, & Cobb, 1995) , which isolates visual feedback of a body part from concomitant proprioceptive and kinesthetic signals. Several studies have found that this illusion has profound effects on body perception (Romano, Bottini, & Maravita, 2013) 
